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Abstract; Boreal forest is an important component in the global carbon balance and has been a focus of study for a long
time. In China, about 30% of forested areas are boreal forests, which play a key role in the country’s carbon budget. Fire is
a dominate forest landscape process in the boreal forests of northeastern China. Because of the stochastic nature of fire and
forest succession, reliable prediction of aboveground forest biomass for boreal forests is challenging. Thus, predicting the
dynamics of boreal forest biomass requires accounting for fire's effect. The effect of fire on the dynamic of forest aboveground
biomass is a long-term process that occurs at various spatial and temporal scales. It would be difficult to capture the fire

process with traditional field experiment research. In order to better understand the ecological processes related to fire, a
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spatially explicit forest landscape model based on our prior knowledge of biology, ecology, and computer science became a
valuable tool for studying the forest structure and biomass prediction, at various spatial and temporal scales. Therefore,
model simulation can help us to better understand the complex interactive effects of forest landscape processes and vegetation
on forest biomass. In this study, we used a forest landscape model ( LANDIS PRO) to investigate the effect of fire on
landscape-level predictions of the tree component of biomass in a boreal forest landscape in the Great Xing’an Mountains.
We first selected five major forest types (larch, Larix gmelinii; pine, Pinus sylvestris var. mongolica; spruce, Picea
koraiensis ; birch, Betula platyphylla; and aspen, Populus davidiana) in our study area, and treated the succession-only
scenario as the reference scenario. We then calibrated and validated the simulated results of the LANDIS PRO model. We
predicted the tree biomass over three time intervals (0—350 years, 50—150 years, and 150—300 years) , and quantified
the effect of fire on predictions of total biomass and spatial distribution over short-, mid-, and long-term intervals. The
simulation results showed that the initialized forest landscape constructed from the forest inventory data from the year 2000
adequately represented the forest composition and structure of that year. The simulated density and basal area of the year
2010 adequately represented the forest inventory data of that year at the landscape scale. Compared to the succession-only
scenario, the predicted biomass decreased by 1.7—5.9 t/hm’ in fire-only scenarios across all simulation periods. Compared
to the succession-only scenario, the effect of fire on aboveground biomass differed significantly among the three intervals
(short-, medium-, and long-term) (P < 0.05). Under the succession-only and fire scenarios, the spatial distribution of
biomass differed significantly (P < 0.05) among simulation periods. The evidence from our study indicates that fire strongly
influences the spatial distribution of forest biomass and that the fire scenario reduced more biomass in subalpine land types
than in others. These results have significant implications for forest managers interested in designing management systems for

long-term forest sustainability.

Key Words: fire disturbance; LANDIS; boreal forest; stand density; basal area; aboveground biomass
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Fig. 1 The geographic location and elevation of the study area
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diameter/ (cm) seeds
TEMHN Larix gmelinii 300 20 2 4 150 55 600 10
TS Pinus sylvestris 250 40 2 3 200 60 560 20
=42 Picea koraiensis 300 30 4 1 150 60 520 10
f& Betula platyphylla
FH#E Betula platyphyll 150 15 1 3 2000 30 690 30
1142 Populus davidiana 120 10 1 2 2000 50 680 30
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Table 2 Parameters for the fire scenario and SEPs by species for each landtype
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ST H e T y] B RE R W Species establishment probabilities ( SEP)
L dﬁi Mean fire Fire i X . M i Maximum

and type return interval/ 1gr?1non . ean Irz relative LA [N =tz FIHE i

(year) density size/ (hm”) density Larch Pine Spruce Birch Aspen

JEARHL Non-forest 1500 0.0002 0 0.65 0 0 0 0 0
[y Hit Terrace 500 0.0018 90 0.75 0.2 0.05 0.05 0.03 0.07
FH3 Southern slope 150 0.0033 200 0.75 0.35 0.35 0.005 0.35 0.03
13 Northern slope 160 0.0029 210 0.75 0.4 0.01 0.03 0.15 0.005
T L1 Subalpine 140 0.0081 238 0.6 0.2 0.01 0 0.07 0.02
JK R, Water 0 0 0 0.75 0 0 0 0 0
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Fig. 3 Changes in predicted and observed stand density (a) and basal area (b) in burned areas in relation to post-fire year
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Fig. 4 Change in biomass density at the landscape level in relation to simulation year ( by species for no disturbance and fire scenarios)
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PRI AR THE 22 B (B S) o AR, IR A I AE A =, ZEC THRTR T, (ke
3 ANHY A R R, (BAEARCK TR T, Hoth A W BN ka3 7 0 R i, Ak ok
Xif (AR 1A Y R 2 (P<0.05) o XTI &, 705 0 A R0 Y AR LAz i b A= e A
225 (P>0.05) , TER I, MO LAz A s = S PR

3.4 ARIO I AR s T AR A R S )

BEADLGE T 7 TC 40 RIAR K T2 R AS 5] 30 M A e A 4 A Sr 2R | 9% 53 W 38 (36 3, P<0.05)
BRI LRSS TR, o E AW A0 A KN BA - SIS S BAS S B> W i, 5 P EM L, AR AESS 50
AF 55 300 AF AR T M bR |- AR W (EAEER 150 AERFAR GRS B35, EREL 300 4F P, bRk TR
FTCT P2 b A= )k 22 (0 B R UU s [0 () A 7 e BN ARl INEa 34, 7830 L X, Mk 4 R b A= 9
H I (P<0.05) , 7E58 50 0T, MOk TR S IR L, AW E R TIE 11.2 vhm® . BRI, 7E 4
AT HBZEAS E A 50 4E 150 4F 300 4E P MK TSR (5T IEIREAR L) W s BRAR 7 AR AR B AR
5555 150 4EFIEE 300 AEMIEL, 55 50 AEMR K AR A= i e ol 1

®3 FAEIHMER EXFHRMANART Fio EEWENSTN (LA t/hm?)

Table 3 Species biomass dynamics on different landtypes under two simulated scenarios

P RiES S RITES

2 Succession scenario Fire scenario
Land type 55 50 4F 55 150 4F #5300 4F 95 50 4F 95150 4F #5300 4F

Year 50 Year 150 Year 300 Year 50 Year 150 Year 300
[y} Terrace 73.21 66.11 69.74 71.47% 66.41 68.42"
FH3% Southern slope 75.78 67.52 63.51 67.82* 65.97* 63.28*
I3 Northern slope 74.84 67.54 63.48 66.86 " 65.75 " 62.29*
W11 Subalpine 54.58 52.71 47.44 43.38" 45.41" 43.84*

* FAR G TIMIRMIL ,a = 0.05 BFEMEZESR

4 FHig5iTie

— LR 1 2 DI I R AR WU I T AR A AT A R 2 S0, DR S0 M T s 2 Ay e o e 2 0 E
HELAARIRT RS UEAST I, SAE fek Ab FR AR 1 B S P R AT (5 PE A b R rh AR Y i RO F
ARSI 25 R A 36 U 32 R R R 45 R LA R R 25 SR A PO, b T Ml 5 A 2wl R = L AT
Peagt o AR B SR T AR5 B (PR3 25 RE G 25 W AR ) AR SRR AXBIF S5 D A 45 2R
A% AR A K A AL, [R] IR B AR RRADUCR 5 K o s 3t ] £ K A A, T A LR R S AR 7Y
SERBAE PR e, AUORR] ADF TR BDZE 5 BRobk R 2 Bl vy & B (] 2,3) B RUBEDL AN R AE
UEAR L i RRE S5

WEFE X AR A Wi B AL R H R BN | G B HEA T | 500K - b A= Wy ik S s B IR R 5 A 2
Ko BEE RV ZBIEEE SR B2 TR TR O T A SRR AR S R G, AL
TR B, FAE YR AR LR, R ARAL TR B BE, AR E Y A DA RGeS, A bl SRn]
L AETC TGRSO R R (V5 MRS BT 5 42) M b A 14 320 3 T ) A of (1 ML
W) st AR XSV A IS R BT TR R RS A X TR B

TEMKAE SN, A Yy R, LS 0TI SR 22 B WL, XM AR Al 3 T B 5 M LA 5l (0 -1
PHONE JERE S SR M)A R A O . BORUBLIDL A AR i R AR A st U ] 1 MR B b, S2 R R 52
W B R AR X IR AR S (1 Se R R 2 AR SO ZE SRR SRR P Lok T B 35 AR T b L
PP 1.7—5.9 vhm® . AR WIS 07 PG AR ) A AL 7 S bk b AR R BE AR RRAIR 1 (6.5+2.1) v/
hm? i AR O TR MRS, SR, 332 Pl AR XA S K K BRI

BEAULE R, 7 A R RHYI AR A 5 e 1A RSz e b b b AR as () oA, 5 A S b
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TR RRET AR IO A= W ) S R A B 5 32 Fh T IR TR] AR A A A (A L A W R v T AR
BEERS L BRI T V& RS ARG R T AR R AR DX PR RE SR it AR R 7 7SI 85 LD DX, b R
PR RS R R B R S KRR G SO S I e 1 X2 R i KO R T OB R e, EL s L
X BB AR, 85 51 AR

ABFFER ] LANDIS PRO A5 AY | 5 R P 503l A BRARTA A2 L0 , BB 0T RS 22 0 il DX | A
Wi i E AR, BRG] . (1) 7E AR A 88 Bl 2 B e Mg ik AR T 45 R RS AR 4 s (AR
S, B0 UE SR BRI AL REAE S 5 JiT AR KT PUAIL 5 (2) 550K P AR K P 3L 2R 4y i A B4
AU S 32 PR P02 ML, PR AN AELRT AN ) 8 o A 4y 52 ) A 385, 3 A AS (R 3017 A A [R] A S R ECR
(3) BEFE B A AT , MRAAERE I R TR N AR T 2% 2y A B TAR R = A2 il L A= (e R 3
KIS T AR A it AP (4) FEAN [RIBCSBUNTUT, MRk S 28 b el A8 1 AN [ Sz 27 1 b E A )
AT AT SRR GG IE Ty vk T J5 SR AR MR L A5 R IAE SR i T 2%, BFFE G SR 0] O RS bk X
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